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(54) MICROWAVE FEEDING CIRCUIT 

(57)Abstract 

PURPOSE: To attain optionally the synthesis and reproduction of both electromagnetic 



waves at an output terminal by inputting both the input waves while their electric field 
faces are made orthogonal. 

CONSTITUTION: The two incident electromagnetic waves are made incident while their 
electric field faces are made orthogonal. When both the frequency and phase of the 
electromagnetic waves are different, the electromagnetic wave la is reflected by a 
comer post 5 provided in parallel with an electric field vector 3c and outputted as the 
electromagnetic wave having an electric field vector 3c. Similarly, as to the 
electromagnetic wave 2c, it is outputted as the electromagnetic wave having an 
electric field vector 3d through the action of a coner post 6. On the other hand, when 
the electromagnetic waves 1a, 2c having the same frequency and phase are inputted to 
input terminals 1, 2, they are subject to vector synthesis and the result is outputted 
from the iutput terminal 3. 
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Abstract - We present a compact-size, high-performance, single- branched Ortho-Mode 
Transducer (OMT), operating in the 17-18.5 GHz frequency band designed and optimized 
entirely at computer level. We have used an hybrid approach which employs both the mode- 
matching technique (generalized scattering matrix) and an integral equation approach 
(admittance type representations). This hybrid approach not only provide increased confidence 
with computed response by checking the results obtained with the two different techniques, but 
also allows the designer to optimize part of the structure with one technique and part with the 
other, thus enhancing flexibility, efficiency and reliability of the final design. The OMT has 
been designed, fabricated, measured and, due to its very satisfactory performance, 
subsequently included in a compact range in order to test the transmit and receive circuitry of 
satellites operating within the specified frequency band. 

Introduction 

The OMT (see Fig. I) represents a key element in the realization of dual polarization 
antennas, which are nowadays currently employed in order to increase the traffic capacity of a 
satellite by simultaneously using the two different polarizations (vertical and horizontal in our 
case). From the block diagram in Fig. 2 it is apparent (hat the OMT has a significant impact on 
the entire system performance: since it operates behind a circular horn, its output needs to 
support dual linear polarizations in a circular waveguide, whereas its two inputs are provided 
by the feeding rectangular waveguides. 

Severe polarization rcqutrcnicms in OMT impose significant constraints in the choice of the 
final structure: a classical solution, used in order to prevent excitation of higher order modes 
(in particular of the TEJl and TMll), consists in a balanced structure with two symmetric 
branches derived in the E-plane, see e.g. f I, 2\. The suppression of undesired modes, however, 
is obtained at the cost of a noticeable increase in size and complexity of the mechanical 
structure. 

In the case of moderately large (about 10%) operating frequency range the simpler scheme 
for the OMT shown in Fig. 3 can be adopted. In this case the propagating modes are combined 
through a slot by deriving only a single branch (side input - TEOI) from the main path (in line 
input - TEIO). Naturally, the structure asymmetry excites higher order modes: these are 
suppressed by reducing the waveguide size in the region close to the coupling slot. 
Accordingly, unwanted modes are below cutoff for a sufficient waveguide length and cause 
modest degradation at the output port. This type of OMT configuration, called "taper- 
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branching", requires a good matching at the input and output ports by proper waveguide 
tapering (I, 3). 

It is apparent that an effective design of this component can be accomplished only by using 
an efficient, fullwave, optimization procedure; to this end we have employed the hybrid 
approach which combines both mode-matching and admittance type techniques, as briefly 
discussed in the next section. 

OM T Design 

From the inner view of Fig. t it can be seen that the chosen OMT geometry consists of a 
fairly large number of waveguide discontinuities. Every type of discontinuity has been 
individually modeled and validated by the mode matching and the admittance representation 
and also by experiments. In particular, the TEIO and TEOI merging has been represented by a 
T-junction in which the branched port is the coupling slot present in the main guide wall. Since 
the TEOI branch has been orthogonally derived from the main guide, a square bend has been 
placed along this branch in order to make both inputs positioned on the same side. Moreover, 
the output transition from square to circular waveguide has also been considered and 
optimized. Finally, the return loss at the inputs has been improved by introducing a sufficient 
number of waveguide steps along the waveguide (tapering). The electromagnetic models for 
both approaches (mode matching and admittance representation) relative to the involved 
discontinues (step, square -to -circular transition, square bend, T-junction) have been 
assembled in order to achieve a global code able to perform the full-wave analysis and 
optimization of the OMT structure with a high degree of accuracy and flexibility. By using this 
code, the OMT design has been entirely carried out at computer level and the final geometry 
has been generated as the result of several optimization cycles, first involving selected sections 
of the OMT, then the whole structure for final refinements. 




Fig. I 

OMT breadboard 



Results 

The OMT body without the square -to -circular waveguide transition has been analyzed by 
mode-matching and by the admittance approach 1 4. 5) and the relative results* shown in Fig s 
4,5 are in very close agreement; use of both codes has provided in this case an important 
validation tool for the designer. 
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Fig.3 - OMT scheme based on a single branched structure 
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The final breadboard of the OMT is shown in Fig. I; it operates over the 17-18.5 GHz 
frequency band with inputs in standard WR62 waveguide while the output lakes place in a 
circular waveguide of 7.2 mm of radius. The OMT has been fabricated in aluminium by using 
numerically conlrollcd milling and spark eroding machines in order lo achieve an accuracy of 
+/-O.OImra 

The measured input return loss of the enlire OMT breadboard has been compared with the 
computed response in Fig.s 6, 7. The component exhibits a measured return loss lower than 30 
dB over the whole operating frequency band, with a very satisfactory agreement between 
theory and experiment (within 3dB). The measured isolation between the input ports, not 
reported here for lack of space, has proven to be belter than 47 dB. 

Conclusions 

A hybrid computer-aided design technique has been used for Ortho-Mode Transducers. The 
latter technique provides an efficient and accurate analysis and optimization code which 
includes ihe electromagnetic models of all discontinuities and junctions composing the various 
OMT sections. The component design, entirely carried out at computer level, has 
demonstrated significant advantages in terms of development times, and no need of post 
manufacturing adjustments. 

Measurements carried out at CSELT on the OMT breadboard have given very satisfactory 
results in terms of return loss and polarization isolation. The designed OMT is presently 
operating at Aerospatiale (Cannes) premises within a compact range in order to test the 
satellite electrical functionality in the 1 7- 1 8.5 GHz frequency band. 
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